Abstract
Introduction 26
The climate of the Arabian Peninsula (AP) is extremely arid, a dry climate zone (BWh) by the 27 Köppen climatic classification (Köppen and Geiger, 1936) . The combination of a short rainy 28 winter with a long, hot and dry summer imposes a significant strain on freshwater resources 29 Almazroui, 2016). Moreover, the analysis of the AP climate variability during the spring and 63 autumn seasons has received much less attention than during summer and winter seasons. Most 64 studies have focused on summer because of its highest temperatures and associated heat stress, 65 whereas winter temperature is explored because of low temperatures due to rainfall. One of the 66 main goals of this study is to characterize the long-term SAT variability and its trends over the 67 AP region for all seasons, on an interannual timescale, using 5 decades Weather Forecasts (ECMWF), was also used to examine the dynamical context of the SAT 140 variability. The regional SAT variability can be modulated by the troposphere, through various 141 physical and dynamical processes (e.g. subsidence, advective processes). Therefore, in order 142 to explain the dynamics behind this variability, we analyzed the circulation parameters at two 143 different atmospheric pressure levels: one in the lower troposphere (850 hPa), and another in 144 the upper troposphere (200 hPa). 145
To assess the links between the interannual variability of SAT and the circulation 146 patterns, the time series of climate variables, for every grid point, were detrended by removing 147 the slope of the fitted linear regression (Yadav et al. 2009; Chowdary et al., 2014) . Correlation 148 and regression analyses were applied to identify teleconnection patterns between the APtemperatures and the global circulations. In addition, a composite analysis was further 150 conducted to assess the interannual variability of SAT in the AP. The ENSO (averaged SST 151 anomalies over the equatorial central Pacific; Niño-3.4), the NAO (difference in normalized 152 SLP over Iceland and Gibraltar; https://crudata.uea.ac.uk/cru/data/nao/) and the AO monthly 153 indices were used to examine the climate variability over the 51-year period. 154
The ENSO phenomenon, is one of the most important drivers of interannual climate 155 variability in the Pacific, and affects the weather and climate in large parts of the world (e.g. 
Results and discussion 172

Climatology of SAT 173
The spatial distribution of mean seasonal temperatures in the AP for the period 1960-2010 isshown in Fig. 1 . During winter (Fig. 1a) , SAT is low (<15 °C) over the northern AP, moderate 175 (Fig. 1b) , the SAT increases 182 over the entire AP, but more quickly in the north, settling between 20 and 25 °C, except in the 183 eastern desert region where temperatures vary between 25 and 27 °C. In early summer (Fig.  184 1c), the SAT distribution becomes more uniform across the AP, with the highest temperatures 185 (above 35 °C) observed in the eastern region, and the lowest temperatures (around 25 °C) over 186 the southern tip of the AP. In summer (Fig. 1d) , the SAT patterns are similar to those of early 187 summer (Fig. 1c) , but exhibit higher magnitudes. The strong cross-equatorial flow along the 188 coast of Somalia induces upwelling over the western Arabian Sea, which cools the SST and 189 consequently decreases the temperature over the southern tip of AP ( Izumo et al., 2008; Yao 190 and Hoteit, 2015) . In autumn (Fig. 1e) , moderate SATs ranging from 20 to 25 °C are observed 191 over the AP. In the northwestern and western AP, the SAT remains below 25 °C (Fig. 1e) , 192 whereas the highest SATs are observed in the eastern AP. The spatial distribution of the annual 193 mean SAT (Fig. 1f) for the entire analysis period shows the highest SATs over the southeastern 194 
SAT Variability 205
The AP interannual SAT standard deviation for each season ( 
SAT Trends 233
We further investigate SAT trends for all five seasons, across the AP, with respect to the global 234 SAT trend over the analysis period 1901-2010. The temporal evolution of the seasonal and 235 annual SAT anomalies averaged over the AP are presented in Fig. 3 , and the corresponding 236 global trends are presented in Table 1 . It is observed (Fig. 3a) warming of 0.5-1.5 °C for anomalous warm years and negative temperature anomalies (-0.7 to 261 -1.8 °C) during the anomalous cold years (Fig. 5b) . It is also observed that negative anomalies 262 are more pronounced in the northern region of the AP. In spring (Fig. 5c ), a strong warming is 263 noticeable over the northern and northeastern AP, exceeding 1.5 °C during anomalous warm 264 years, whereas slightly lower temperature anomalies are observed in the southern tip of the AP. 265
Temperature anomalies ranging from -0.9 to -1.8 °C are recorded over the central and northern 266 AP during anomalous cold years (Fig. 5d) . The warm and cold composites of SAT anomalies 267 appear in opposite phases during spring. The spatial patterns of warming and cooling during 268 early summer (Fig. 5e ) are similar to those of observed in spring, but at lower magnitudes. In 269 the warm composite, warming is more pronounced in the northern AP than in the southern AP. 270
Similarly, the cold composites (Fig. 5f) show maximum cooling between the central and the 271 northern AP. The warm and cold composite SAT patterns in summer (Fig. 5g) are almost 272 similar to the early summer patterns, except over the western AP and its adjoining regions,show similar patterns to summer, with warm temperature anomalies confined to the northern 275 region, and relatively weaker warm anomalies in the southern AP. With respect to the cold 276 SAT composites (Fig. 5j) In our study, we found that the major PCA mode (PC1) contributes more than 80% of the total 290 variance, and correlates with the global SSTs. The winter correlation (Fig. 6a) is significantly 291 positive between the AP and SST over the northern Arabian Sea, the equatorial western Pacific 292
Ocean and the equatorial and North Atlantic Ocean, suggesting a relationship between the 293 tropical oceans and the AP SAT during this season. In spring (Fig. 6b) , significant positive 294 correlations are observed over the northern Indian Ocean, equatorial Atlantic Ocean and the 295 western tropical Pacific Ocean (known as the warm pool region), whereas significant negative 296 correlations are noticeable over the eastern Pacific Ocean. The spring correlations also suggest 297 that the AP SAT is strongly influenced by the western Pacific region and the Indian Ocean.
We found that early summer air temperature over the AP has a significant positive 299 relationship with the western tropical Pacific Ocean and the Atlantic Ocean (Fig. 6c) , whereas 300 the north Pacific Ocean SSTs are negatively correlated with the AP SAT. In summer, the AP 301 air temperature also exhibits a significant positive relationship with the northern Arabian Sea, 302 the Mediterranean Sea, the western Pacific Ocean and the equatorial Atlantic Ocean (Fig. 6d) . 303
This positive correlation exceeds 0.5 (significance at the 99% confidence level) over wide 304 regions of the Atlantic Ocean, suggesting that the AP SAT variability during summer is related 305 to the Indo-Pacific warm pool, which is consistent with the results of Hasanean and Almazroui 306 (2016). In autumn, the AP SAT is correlated with the Northern Indian Ocean and the equatorial 307
Atlantic Ocean (Fig. 6e) . We also computed the spatial correlation coefficient between the 308 In spring (Fig. 7b) , negative SLP anomalies and anomalous cyclonic circulation prevail 334 over the North Atlantic Ocean (Azores region), while easterlies dominate the southern Arabian 335 region. The AP SAT exhibits a significant positive correlation with the atmospheric circulation 336 over Siberia. Northeasterly wind anomalies blow from India into the AP, suggesting that spring 337 temperature variability over the AP is associated with a Siberian high and an Azores low. 338
Similarly, in early summer (Fig. 7c ), the AP SAT shows an anomalous cyclonic circulation 339 over the southern AP and the Atlantic region, and is positively correlated with East Asia. In 340 summer (Fig. 7d) , the AP SAT appeared strongly and positively correlated with Siberia, the 341 Indian subcontinent and East Asia, but negatively correlated with the Saharan heat low and the 342 equatorial Atlantic Ocean. The AP SAT regression onto the low-level winds shows a cyclonic 343 circulation over North Africa, particularly over the Sahara and the western Mediterranean 344 regions, consistent with negative SLP anomalies. This suggests the intensification of a heat low 345 over the Sahara, one of the components of the summer West African monsoon system, and the 346 influence of North Africa on the AP SAT. Easterly wind anomalies from the equatorial Indian
region. 349
In autumn (Fig. 7e) East, and an increase in the AP SAT. We found this dampening of the STJ to be associated 369 with weak western disturbances, which favor drought conditions in the AP. 370
The regression of U200 onto the AP SAT also implies a Rossby wave train pattern by 371 the positive zonal wind anomalies over the Somali coast, the negative anomalies over the AP 
patterns. 378
In spring (Fig. 8b) , the AP SAT exhibits significant positive correlation patterns over 379 the Mediterranean, Europe, East Asia, the North Pacific and the North Atlantic regions, 380 whereas strong negative correlations are observed over the Middle East, equatorial Atlantic 381 regions and the equatorial Indian Ocean. In early summer (Fig. 8c) , the AP surface temperature 382 is significantly positively correlated with U200 anomalies over central Asia and Northern 383
Europe, and is negatively correlated with the northern Caspian Sea, the Mediterranean Sea and 384
North Asia. The AP SATs are also influenced by meridional Rossby wave patterns in the upper 385 troposphere. In summer (Fig. 8d) , the AP SAT is strongly correlated with U200 anomalies over 386 the Iran region and Eastern Asia. It is interesting to note that the Asian jet is weakening in the 387 summer, which may closely relate to the increasing AP SAT. During autumn (Fig. 8e) 
AP SAT and Large-Scale Climate Drivers 402
The large-scale climate drivers, ENSO, NAO and AO, play a significant role in modulating the 403 regional temperature variations of the Northern Hemisphere. Here, we evaluate the relationship 404 between these large-scale climate drivers and the AP SAT. 405
Relationship with ENSO 406
The correlation coefficient between the AP SAT and the Niño 3.4 SST index (ENSO index) 407 during winter is plotted in Fig. 9a ; in this figure, we clearly see a significant positive correlation 408 (Fig. 9b) , ENSO exhibits a 412 significant negative correlation with north Africa, Egypt and northern AP regions. In early 413 summer (Fig. 9c) , ENSO and AP SAT do not seem to be correlated, except over the central AP 414
and Oman region. ENSO exhibits a significant positive correlation with east Africa and Sahel 415 region. In summer, ENSO is positively correlated with the southwestern AP, Oman and Africa 416 regions. In autumn (Fig. 9e) , the central and southern AP SAT are significantly and positively 417 correlated with ENSO, at a 95% confidence level. The correlation between ENSO and the 418 annual mean SAT (Fig. 9f) over the AP shows similar patterns during the winter season (Fig.  419   9a) . In summary, the warm phase of ENSO seems to mainly impact the southern AP, with a 420 indicating lower AP surface temperatures during the negative phases of NAO. In spring (Fig.  428 10b), significant negative correlations appear mostly in the AP similarly what was observed 429 during winter. In early summer (Fig. 10c) , the strong negative correlation between NAO and 430 SAT expands towards the north and the northeast AP. In summer, strong negative correlations 431 (CC = -0.8) over the northern AP, the central AP and Caspian Sea are also noticeable (Fig.  432   10d) , whereas strong positive correlations are found over eastern Iran. Autumn (Fig. 10e ) 433 exhibits moderate negative correlations over the northern AP region but strong negative 434 correlations are noticeable over the north of the region. No significant correlations are observed 435 in the central or southern AP, or along the coast of the Red Sea. The spatial correlations of the 436 annual mean SAT exhibits similar patterns to those of the winter season (Fig. 10f) . The negative 437 phase of NAO clearly had a strong influence on surface temperatures over the northern AP, 438
Iran and Pakistan. Overall, it appears that NAO has strong relation with the AP SAT in the 439 northern AP during winter. The negative correlation indicates that during the negative phase 440 of NAO, the temperature over the AP tends to increase, whilst during the positive phase of the 441 NAO, the mean temperature tends to decrease over the region, which is consistent with an 442 
Relationship with AO
AP SAT (CC = 0.9), suggesting that AO is an important climate driver of the AP SAT 450 variability. Specifically, correlations over the central and northern AP exceed 0.8, a higher than 451 that of the ENSO (Fig. 9a) and NAO (Fig. 10a) indices. During spring (Fig. 11b) and early 452 summer (Fig. 11c) , AO and AP SAT do not seem to be correlated except over the Yemen 453 region. In summer (Fig. 11d) , moderate negative correlations (CC = 0.4), is observed between 454 AO and the AP SAT. However, significant positive correlations are observed over the northern 455
Pakistan and adjacent regions. In autumn (Fig. 11e) , negative correlations reappear in the 456 northern AP, as observed in spring but with higher correlations. Annual mean temperatures 457 exhibited significant negative correlations with AO over the northern AP (Fig. 11f) . Our 458 analysis clearly indicate that the AP SAT is strongly related to the negative phases of AO and 459 NAO teleconnections, while ENSO's influence is limited to the southern AP SAT. Therefore, 460 AO and NAO may be used as good indicators of the mean surface temperature over the AP. The above analysis suggests that the negative modes of NAO and AO are the key 465 controllers of the SAT variability in the region. We thus further investigated the SLP variations 466 associated with the negative modes of NAO and AO, for all seasons (Fig. 12) . We found that Rossby wave train-type patterns. 509
Our study further emphasizes that the wide variability of the AP SAT is closely associated with 510 the climate drivers of ENSO, AO and NAO. Overall, when considering these large-scale 511 teleconnections, we find that the NAO and AO dominate the AP SAT variability during winter, 512 whereas ENSO dominates the southern AP SAT variability in summer, winter and autumn. 513
Future studies need to focus on the underlying physical processes explaining the links to large-514 scale circulation patterns over this region. 515
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